IMPORTANCE High health care costs encourage initiatives that avoid overuse of resources and identify opportunities to promote appropriate care.
I n the United States, national health care expenditures for 2014 were estimated to be $3 trillion, with a mean of more than $9500 spent per capita. 1 Unsustainable health care costs have prompted initiatives for cost containment, including identifying strategies to eliminate overtreatment, which accounts for up to $226 billion in spending. [2] [3] [4] [5] The intensive care unit (ICU) constitutes a disproportionate fraction of health care overtreatment, and efforts to achieve cost containment by decreasing avoidable care have been difficult. [6] [7] [8] [9] [10] Physicians perceive ICU overtreatment to be common, with reasons that include clinical doubt, limited time for decision making, assessment error, and pressure from superiors, other clinicians, and patients' families. [11] [12] [13] Furthermore, overuse of limited ICU resources can result in delays in the care of other patients needing ICU admission. 14 Intensive care unit overtreatment may be attributable to avoidable admissions, which in the case of pediatric trauma may occur one-third of the time, or to disposition delays, which may be the source of onefourth of all patient-days and include delays related to challenges with patient transfer or end-of-life (EOL) decisions. [15] [16] [17] Overtreatment in the surgical ICU (SICU) has not been well described to date. Although the nature of what constitutes overtreatment varies from one ICU to another based on resources available, identifying reasons for avoidable SICU days may reveal opportunities to minimize overtreatment in most ICUs. Of importance, attempts to reduce overtreatment must be conducted in a safe manner to avoid any adverse consequences. The purpose of this study was to identify sources of avoidable SICU days and to determine strategies to minimize these days. We hypothesized that by first characterizing the reasons for the potentially avoidable admissions and disposition delays and then focusing on the surgical services and related challenges that accounted for the related potentially avoidable SICU days, we could target specific interventions aimed at reducing these days.
Methods
This prospective observational study was performed at an open 24-bed trauma and surgical ICU at an urban academic institution in the following 3 phases: a preintervention observational phase from April 6 through June 21, 2015; an intervention phase from July 1, 2015, through March 31, 2016; and a postintervention observational phase from April 4 through June 28, 2016 ( Figure 1 ). All patients in the SICU discharged from April 6 through June 21, 2015, and from April 4 through June 28, 2016, were included in the study, and the same team of nurse observers (M.K. and J.C.) participated in the preintervention and postintervention observation phases. Information collected included patient demographic and clinical characteristics, surgical procedures performed, identification of the admitting service, consultations obtained, length of stay (LOS), discharge disposition, and mortality. Data were extracted from hospital electronic medical records, an internal institutional database from resource outcomes management, and observer interviews and interactions with clinicians. The observers, who were nurse members of the Cedars-Sinai Human-Centered Design team and trained in human factors design analysis, attended daily morning rounds with the SICU team and noted cases that were identified by the intensivists as potentially avoidable admissions and/or disposition delays. This study was approved by the institutional review board of Cedars-Sinai Medical Center, which waived the need for informed consent for the use of deidentified data.
Data collection during the preintervention phase identified patient admissions that might not have required the SICU level of care, and these were labeled as potentially avoidable. Potentially avoidable admissions included stays less than 24 hours, often owing to a diagnosis of mild traumatic brain injury (TBI) in the context of an intact neurologic examination finding, and admissions for postoperative airway concerns or somnolence when postanesthesia care unit recovery may have been more appropriate. The observed types and reasons for avoidable admissions were described previously, [11] [12] [13] [18] [19] [20] [21] and by labeling these stays as potentially avoidable, some stays may have been indicated. Our focus was on reducing a portion of potentially avoidable admissions while acknowledging that the percentage could not be zero. Likewise, data collected during the preintervention phase also identified previously defined disposition delays, similar to those previously published, including delays in de-escalation of care in patients who were determined to have a futile prognosis, where the availability of a floor bed was low, or surgeon refusal when the patient was considered to be stable for transfer by the SICU team. [15] [16] [17] These delays were also considered to be potentially avoidable and targeted for reduction. Additional sources for potentially avoidable days due to admissions and disposition delays were identified by the rounding SICU team and categorized as other for Meaning Although potentially avoidable surgical intensive care unit admissions and disposition delays are frequent, reductions may be attainable when interventions target the common sources.
this study. If an admission was potentially avoidable and a disposition delay was also noted, the overlapping days were subtracted from the total potentially avoidable days. An additional retrospective review of cases was conducted to better identify and quantify avoidable SICU days. Based on preintervention data, specific targeted interventions were created and implemented during the intervention phase ( Figure 2 ), specifically focusing on the 2 surgical services that consumed the most days. The following interventions targeted potentially avoidable admissions:
1. We created specific SICU admission guidelines for patients being admitted from the trauma surgery service with TBI. These updated admission criteria for patients with TBI were based on modifications to the brain injury guidelines, which allowed the attending physician discretion in the admission of patients with TBI to the floor, when previously they were admitted to the SICU for short observation (eTable in Supplement). 22 2. We instituted feedback with anesthesia leadership for patients admitted to the SICU who were immediately extubated and ready for transfer out of the SICU. Postoperative airway management was specifically addressed by holding periodic meetings with the anesthesia department and reinforcing proper disposition and airway management before leaving the operating room or recovery in the postanesthesia care unit. 3. We initiated monthly group meetings with the SICU and liver transplant services that led to direct SICU communication before acceptance of patients from other hospitals. 4. Disposition delays with all services were addressed by initiating EOL discussions and mandating supportive care consultation. In addition, admitting surgical services were encouraged to transfer patients to the floor during morning rounds, and downstream floor beds were reviewed during weekly meetings with case managers and a physician representative to address sources for discharge delays. Data were analyzed using SPSS statistical software (version 23 for Windows; IBM Corp) and are summarized as numbers (percentages) for categorical variables and medians with interquartile range (IQR) for continuous variables. Comparisons of medians were conducted using the Mann-Whitney test. All variables were noted to be nonparametric. Categorical variables and proportions were compared using Pearson χ 2 
test or
Fisher exact test where appropriate. P < .05 was considered statistically significant.
Results
A total of 459 patients (253 The trauma and liver transplant surgical services were responsible for most SICU days ( 
Discussion
To better understand the reasons for an extended patient LOS in the SICU, we created the term potentially avoidable SICU days to define admission or disposition delays that might be preventable. Potentially avoidable rather than avoidable reduces the emphasis on whether the SICU day should be defined as unnecessary and instead encourages the review of any SICU day that might not have been required. In the initial observation period, we determined that 23.0% of patient days in the SICU were considered potentially avoidable, and we were able to reduce this proportion to 15.3% during the postintervention period by identifying their sources and then targeting them for improvement. These interventions focused on reducing potentially avoidable admissions and disposition delays and included (1) reducing SICU care for minor TBI, (2) optimizing postoperative airway management, (3) enhancing communication between services regarding transfers to the SICU, (4) identifying and facilitating more timely EOL conversations and supportive care consultations, and (5) encouraging early disposition of patients to floor beds. The specific interventions were tailored to the services that used the most SICU days initially and the common reasons for potentially avoidable admissions or disposition delays. The literature on appropriate placement of patients indicates a high frequency of avoidable admissions in varied ICU settings. [18] [19] [20] [21] Inappropriate admissions to the ICU appear to stem from external factors, such as pressure from superiors, referring clinicians, and administrators. 23 This finding suggests that factors other than the clinician's perception of a patient's condition may contribute to the inflow of potentially avoidable admissions. At ICU admission, many patients do not require an ICU level of care. For example, in an audit of postoperative ICU admissions, 24 35.8% of patients did not receive any ICU-specific interventions. Disposition delays are also common and occur in up to two-thirds of ICU admissions, with the most common cause being lack of downstream resources, such as surgical floor beds. Other factors reflecting organizational infrastructure, such as a lack of communication or coordination, appear to play a role. 25 Intensive care unit disposition delays lead to an overall increase in hospital LOS. 26 In our study, we did not observe a reduction in SICU or hospital LOS related to our research, although this decrease was neither expected nor a focus of our project. By concentrating on potentially avoidable SICU admissions and disposition delays, we reduced admissions for patients who had short stays and the disposition delays for patients with long stays. When patients who require short stays in the SICU are admitted instead to ward beds, the median ICU length of the SICU stay will increase. Because we also reduced disposition delays, the overall outcome of our research was that no net change in the median SICU stay was observed. Had the aim of this research been reduction of the median SICU stay, the focus might have been only on reducing disposition delays. Because SICU mortality (7.7% [18 patients] in the preintervention phase vs 8.4% [19 patients] in the postintervention phase; P = .79), hospital mortality (7.7% [18 patients] in the preintervention phase vs 9.3% [21 patients] in the postintervention phase; P = .55), and readmission rates (7.3% [17 patients] in the preintervention phase vs 5.8% [13 patients] in the postintervention phase; P = .50) were not affected by the interventions, earlier disposition did not appear to alter patient mortality or readmission rates.
Patients with TBI who were admitted to the SICU constituted a substantial number of admissions by the trauma service during the preintervention phase. Because the SICU is staffed by intensivists who are also members of the trauma service, changes regarding TBI admission pathways were readily accepted. Members of the neurosurgery team also provided input regarding the appropriate placement of patients with brain injury in the trauma service. During the postintervention period, fewer patients from the trauma service required SICU admission; however, no reduction in the rate of potentially avoidable admissions was observed. This lack of significance may be attributable to how TBI admissions were categorized. An admission to the SICU of a patient with TBI was considered justifiable if the stay lasted more than 24 hours, but it would then be considered a disposition delay if no bed was available when the patient was cleared for transfer. During the preintervention period, many patients admitted for TBI were ready for transfer soon after 24 hours, and these admissions generated potentially avoidable SICU days due to a disposition delay rather than potentially avoidable admissions. Because fewer patients with TBI were admitted during the postintervention period, a significant reduction in potentially avoidable SICU days was observed because of a decrease in disposition delays.
Our analysis revealed that a major source of potentially avoidable disposition delays stemmed from EOL decision making. A disproportionate share of health care costs are attributed to the care of patients shortly before their deaths, 10, [27] [28] [29] and costs for these patients correlate with the duration that they remain in the ICU. 30 The The patients who might have been admitted to the SICU during the preintervention phase but were diverted to other areas during the postintervention phase were not tracked, and therefore, no preventable morbidity or mortality can be provided for this population. Our results also indicate that the median LOS in the SICU did not change after the application of our interventions. This lack of change may in part be attributable to the reduction in patients who were admitted to the SICU for less than 24 hours, such that a significant reduction in median LOS might not be realized. How potentially avoidable days were characterized could differ between observer or rounding intensivist on a day-to-day basis and during the preintervention and postintervention periods. Sources of potentially avoidable days, in addition to avoidable admission or disposition delay, were not accounted for in the study methods. Further analysis is required to explore these limitations.
Conclusions
Although nearly one-quarter of SICU days could be categorized as potentially avoidable, a reduction was noted through targeted interventions focused on short anesthesia-related admissions, service-dependent challenges, downstream bed availability, and EOL care. Addressing potentially avoidable admissions and disposition delays by creating specific admission guidelines, improving hand-off communication with various teams, and encouraging earlier EOL conversations and disposition of floor patients may reduce inappropriate SICU use.
eTable. Criteria for Admission for Patients With Traumatic Brain Injury

